can be expressed in multiple organ systems requiring a variety of specialists, including pediatric otolaryngology. We present the case of a 20-month-old boy with CdLS actively managed by an aerodigestive team consisting of pediatric otolaryngology, pediatric pulmonology, pediatric gastroenterology, with support staff from audiology, speech, and nutrition. His presentation included mixed hearing loss, dysphagia, microaspiration, gastroesophageal reflux, and failure to thrive. We submit this challenging case of CdLS with a review of the literature to focus specific attention on the otolaryngic manifestations of the syndrome and to discuss the benefits of a multidisciplinary approach to these unique patients.
Introduction
In 1933 Cornelia Catharina de Lange, a pediatrician and neuropathologist from Amsterdam, first described two patients with typus degenerativus Amsteldamensis (Amsterdam degeneration type), a syndrome characterized by unique facial dysmorphism, developmental delay, and limb abnormalities. 1 Today this rare congenital developmental disorder with varied phenotypic presentations is known as Cornelia de Lange Syndrome (CdLS). It affects approximately 1 in 10,000 live births with no gender predisposition. 2, 3 Given the tendency of the disease process to manifest in multiple organ systems, patients with CdLS are typically treated by a variety of specialists. Pediatric otolaryngology may be involved to address hearing loss, airway concerns, and craniofacial abnormalities. These patients require long-term evaluation by many specialty services, which can add a significant burden to the caregivers. Robust hospital centers of excellence and a national foundation for CdLS 2 exist to provide focus for research along with clinical and social support for families impacted by the diagnosis. Such centers offer a modern multidisciplinary approach to optimize care and serve as a model for how complex patients can be treated.
In this article, the authors present a case of classic CdLS, as well as a progressive approach to multidisciplinary management within the spectrum of otolaryngology.
Case report
A 20-month-old boy, born after an urgent caesarean section for fetal distress, was found to have multiple congenital anomalies. He was diagnosed with CdLS based on his physical examination findings, and genetic testing confirmed the diagnosis. His examination findings included bilateral cryptorchidism, hypospadias, small hands and feet, a single palmar crease, and bilateral renal cysts. Specific otolaryngic signs included synophrys, hirsutism, thin lips, and a broad nasal base with blunting of the lateral nasal alar grooves bilaterally (figures 1 and 2).
Genomic sequencing of known CdLS-specific foci, SMC1A, SMC3, and NIPBL, showed a heterozygous variant mutation in NIPBL. Symptomatic gastroesophageal reflux and micrognathia prompted nasogastric tube feeds for nutrition initially with later transition to thickened oral feeds because of clinical symptoms of aspiration. Sedated auditory brainstem response (ABR) and auditory steady state response (ASSR) testing were consistent with bilateral moderate mixed hearing loss to 4,000 kHz (figure 3).
After consultation with the otolaryngology service, tympanostomy tubes were placed and the patient was enrolled in occupational, physical, and speech therapy. He continues to be followed by multiple services including pediatric urology, ophthalmology, cardiology, and endocrinology in addition to otolaryngology, speech, and audiology. He remains under regular surveillance by a multidisciplinary aerodigestive team to optimize his complex care.
Discussion
CdLS is a rare congenital syndrome that can present with craniofacial abnormalities and hearing loss. Given the potential variability in expression of the classic phenotype, the diagnosis may be missed initially or even resemble other syndromes that present early in childhood. CdLS should be suspected in patients with hirsutism, blunting of the lateral nasal alar groove and/ or loss of the typical convexity of the lower lateral cartilages, synophrys, long eyelashes, and thin lips.
A comprehensive workup should include evaluation for complications of gastroesophageal reflux disease (GERD), hearing loss with subsequent communication barriers, congenital anomalies of the heart and gastrointestinal tract, seizure disorders, and developmental delay. 2, 4, 5 Schrier et al found that airway compromise from pneumonia and GERD was determined to be the most common cause of death (31%) in 295 people with CdLS over a 41-year period. 5 CdLS is classically considered a clinical diagnosis based on phenotypic appearance, but more recent genetic assessments have correlated specific mutations to the severity of disease (table). Specifically, the genes responsible for encoding the cohesin protein complex have been implicated in the likely etiology. 6 These gene products regulate sister chromatid separation during mitosis and meiosis. Multiple genetic analyses of large, well-characterized cohorts have found that 65% of patients with CdLS phenotypes had mutations in either the NIPBL (5p13.2), SMC1A (Xp11), or SMC3 (10q25) genes that are associated with the cohesin complex. [6] [7] [8] [9] Additional candidate genes that may be responsible for the other 35% of clinical CdLS include other components of the cohesin ring, RAD21 and STAG1/ STAG2. Confirmatory gene panel testing is available for patients with clinical features consistent with CdLS. This cohesinopathy has been determined to be autosomal dominant in pedigree analysis with likely germline mosaicism.
Otolaryngic manifestations of the syndrome include the above-mentioned craniofacial abnormalities, mixed hearing loss, and airway sequelae from reflux disease. Children with CdLS are predisposed to both conductive and sensorineural hearing loss. Cleft or high-arched palates and other craniofacial developmental abnormalities contribute to eustachian tube dysfunction and subsequent chronic middle ear effusions, which lead to conductive loss. Cohort studies have shown that 49 to 86% of children with CdLS have otitis media with effusion compared to rates of 1.3 to 14.2% in the general pediatric population. 3, 10 Limited histopathologic studies of the inner ears in CdLS patients show anatomic abnormalities of the cochlea and/or mesenchymal proliferation of the inner ear space, which lead to sensorineural hearing loss. 11 Management of the CdLS patient can be complex and requires communication among many specialties to optimize patient care. The multidisciplinary care model is gaining traction as an optimal approach to eliason, Melzer, GallaGHer patient care for multiple types of aerodigestive disease processes. Specifically, improved patient education, comfort, and earlier decannulation for tracheostomy patients have been demonstrated using a coordinated intervention from multiple providers of differing specialties. 12, 13 Additionally, improvement in the diagnosis and appropriate treatment for patients with complex presentations of recurrent croup, gastroesophageal reflux, chronic cough, and sleep-disordered breathing have been demonstrated using the multidisciplinary care model. [14] [15] [16] At our institution, syndromic children are often managed by the multidisciplinary aerodigestive team consisting of pediatric specialists in otolaryngology, pulmonology, and gastroenterology, as well as support staff from audiology, nutrition, and speech therapy.
With specific regard to hearing and middle/inner ear disease, children with CdLS require early intervention to prevent or minimize communication delay. Hearing is assessed early in infancy with standard otoacoustic emissions testing or sedated ABR/ASSR to characterize any degree of loss. Regular-interval otoscopy to assess for eustachian tube dysfunction and the need for placement of pressure equalization tubes is beneficial in CdLS patients, as it is in other children. 3, 10 The multidisciplinary team at our institution meets monthly to evaluate patients in one clinical setting. Additionally, a monthly joint operating room is reserved for any needed combined procedures to reduce anesthetic exposure. To maximize patient compliance and minimize confusion for the management of complicated cases, a single team letter is produced for the families with succinct details on a unified assessment and plan of individualized patient care. Questions for multiple specialties can be addressed during one appointment, improving the quality of life for both the patient and caregivers. As a result of coordinated multidisciplinary care, the patient presented has been able to return to oral feeding, near-normal hearing thresholds, and clinical improvement in cardiopulmonary function.
In conclusion, CdLS is a rare, congenital disease that requires the care of multiple pediatric physicians and support staff to provide ideal management. The case presented in this article stresses the importance of a coordinated multidisciplinary treatment approach to the auditory and aerodigestive pathologies seen in CdLS. We recommend considering this approach for any syndromic child seen in an otolaryngology setting to avoid delay in diagnosis or treatment and to maximize care for both the patient and caregivers. 
